Sixty-two strains of moraxellae and allied bacteria assembled by the Subcommittee on Moraxella and Allied Bacteria of the International Commit tee on Systematic Bacteriology and distributed by the American Type Culture Collection were examined serologically by the fluorescent-antibody (FA) and quellung techniques and subjected to study using 7 1 biochemical tests. These strains, originally assigned t o 11 different genera, were placed in two categories: Acinetobacter and Moraxella. There were 4 1 strains assigned t o Acinetobacter and 19 t o Moraxella. Two strains were eliminated from the study. One strain belonged to neither of these genera; the other was eliminated on the basis of colonial and biochemical variability. Sixty per cent of the carbohydrateoxidizing strains of Acinetobacter were typable by FA and quellung reaction in conjugates and sera prepared from oxidizing strains. The capsular antigens of the oxidizers (formerly called Herellea) are distinctly different from those of the nonoxidizers (formerly called Mima). A small percentage of the nonoxidizing cultures exhibited cross-reactions with antibodies for the oxidizers. None of the moraxellae were typable with conjugates or antisera for the oxidizing acinetobacters. The results of these studies were correlated with those of other workers. In general, the classification of the bacteria discussed in this report was quite reliable when based on the use of seven selected phenotypic characteristics. This fact has practical diagnostic importance. The true relationships and taxonomic placements of the moraxellae and allied bacteria are dependent upon the development and employment of systems for genetic analysis. On the basis of studies reviewed in thls paper, most workers would now agree upon the separation of the oxidase-positive and oxidase-negative organisms with assignment of the former t o the genus Moraxella Lwoff and of the latter to the genus Acinetobacter Brisou and PrCvot.
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At the 1962 International Congress for Microbiology, the International Committee on Nomenclature of Bacteria (ICNB) appointed an ad hoc committee t o study the nomenclature and taxonomic status of the genus Moraxella, the species Bacterium anitratum, the tribe Mimeae, and other apparently related organisms (40) . In 1966, the ad hoc committee was made the Subcommittee on Moraxella and Allied Bacteria of the ICNB (43) . The subcommittee decided that it would be impossible t o formulate satisfactory recommendations until a specifically planned study of many selected strains had been undertaken. Sixty-two strains representing 40 named species were assembled by the subcommittee and freeze-dried at the American Type Culture Collection (ATCC), from which sets were sent t o each subcommittee member (43) . The late Elizabeth 0.
King, of the Clinical Bacteriology Unit (CBU), Center for Disease Control (CDC), received a set of these strains for study, After her death in 1966, one of the authors (H. T.) of this paper became responsible for the physiological study of these strains. Concurrently, personnel of the Analytical Bacteriology Unit (ABU) conducted serological investigations (47) and devised a simplified biochemical procedure to identify the carbohydrate-oxidizing acinetobacters and t o separate them from the nonoxidizers and from the moraxellae (57) . The results of these two laboratory investigations may help to establish the true taxonomic positions of the strains described here.
Based primarily on the genetic evidence developed by Juni (personal communication), we recognize the validity of placing both the carbohydrate oxidizers and nonoxidizers in the species A cinetobacter calcoaceticus. However, to simplify discussion and because of common usage in the American literature, we have elected, in this paper, to refer to the carbohydrate oxidizers as Herellea vaginicola and to the nonoxidizers as Mima pozymorpha, at the same time recognizing that these names have been placed on the list of rejected names by the Judicial Commission of the ICSB and thus have no standing in nomenclature (26). The former is understood to have the characteristics of B. anitratum as described by Schaub and Hauber (59), and M. polymorpha and M. polymorpha subsp. oxidans t o have the characteristics described by Audureau (2) and by DeBord (24, 25) . Finally, we have assessed current thinking about the relationships of the moraxellae and allied bacteria and their taxonomic assignments. The various names applied to these bacteria are presented in summary form ( Table 1) .
MATERIALS AND METHODS
Bacterial strains. The strains included in this study, together with culture-collection designations and sources, are listed in Table 2 . Original references for these strains are given where available. The 62 strains were given known-culture (KC) numbers by the CBU at CDC. Parent strains and single-colony isolates are referred to as WC and SC strains, respectively. Each laboratory examined both the original culture and a single isolate of each strain. With one exception, discussed later, both cultures gave either identical or very similar reactions.
Methods. The colonial characteristics were determined by growth on heart infusion agar (HIA) plates containing 5% defibrinated rabbit blood.
Sixty-four biochemical tests were performed by the CBU. These are indicated on the completed laboratory data card ( Table 3) . The description of media and procedures can be found in a CDC publication (38) available upon request to the authors. These tests are routinely used by the CBU for the study of strains referred to it for identification (67).
The seven-test biochemical schema (57) for the identification of H. vaginicola includes the following:
(i) Triple Sugar Iron (TSI) agar reactions, (ii) motility, ( 5 ) oxidase, (iv) nitrate reduction, (v) acid from 1% glucose, (vi) acid from 10% lactose, and (vii) growth on nutrient agar slants in 24 hr. These tests were performed by the ABU at the CDC. Methods for fluorescent-antibody (FA) and quellung typing can be found in a recent publication by 
RESULTS
The 62 strains were studied simultaneously by the ABU and the CBU. In Tables 4 to 6, the reactions of 60 of these strains in the seven-test schema are presented. Two strains were eliminated from the study for reasons discussed later. Based on the results of these tests, the 60 strains were divided into three biochemical groups : Here llea vaginicola, M ima poly m orpha, and MoraxeZZa species. Tables 7 t o Comparisons of results reached independently by the two laboratories revealed agreement on all strains identified as Mima or Herellea except one, KC75 5, Moraxella glucidolytica subsp. nonliquefaciens. The CBU classified both the WC and SC isolates as Mima polymorpha. The ABU found that this strain produced both a smooth and a rough colony. The smooth colony was biochemically M. polyrnorpha, and its rough variant gave results typical of H. vaginicola. However, Juni (personal communication) examined these colonies and found that both gave the reactions of Herellea in nutritional tests. Furthermore, both variants were found t o be serotype 6J by the FA and quellung tests. We elected t o exclude this culture from further discussion. Both laboratories agreed upon the elimination of strain KC759, Moraxella lacunata, from all three genera (Herellea, Mima, and Moraxella) because of its motility, reduction of nitrate and nitrite to gas, and the production of a positive oxidase test. The CBU identified this strain as belonging to an A chromobacter-like group of organisms, group Vd of King (38) and of Tatum (67) .
Morphology and staining characteristics. Colonies of all cultures were characterized by observation of the growth on blood-agar plates at 18 to 24 hr. Colonies of both Mima and Herellea strains averaged 1.0 to 1.5 mm in size, were convex, circular, glistening, whitishopaque, entire, and had a consistency varying from butyrous to mucoid. Their action on blood varied from an indeterminate lytic action to beta hemolysis.
Colonies of all strains of Moraxella bovis exhibited beta hemolysis, were mottled in appearance, and were about 1.0 mm in diameter. Strains which demonstrated beta hemolysis, KC7 14, -7 17, -7 18, and -7 19, were mucoid and tended to be extremely stringy. Moraxella Zacunata was more fastidious and had colonies ranging from punctate to 0.5 mm in diameter. They were translucent, smooth to rough, and but yrous.
All cultures of Mima, Herellea, and of the moraxellae were gram-negat ive, gave deep, uniform staining, and, in morphology, varied from coccoid to diplococcoid with long, pleomorphic, thick filamentous forms. The moraxellae strains were more diplobacillary in form with blunt ends. Some cultures, such as KC716 and KC717, were extremely pleomorphic. Strain KC725 showed a predominance of long-chained bacilli as well as diplobacilli. Strain KC7 22 contained mainly pale-staining coccal cells. Biochemical activity. The seven-test schema used by the ABU t o identify H. vaginicola readily separated the 60 strains into two sets based on the oxidase reaction. Both oxidasepositive and oxidase-negative strains were nonmotile (Tables 4-6). All oxidase-negative strains were also alkaline or neutral on TSI, nitratenegative, and grew on nutrient agar slants within 24 hr (Tables 4 and 5 ). Twenty-one of the oxidase-negative strains oxidized 1 % glucose [Phenol Red Agar Base (Difco), PRAB] and 10% lactose (PRAB) and were identified as H. vaginicola (Table 4 ). The remaining 20 oxidasenegative strains did not oxidize the carbohydrates and were therefore identified as Mima polymorpha ( Table 5) .
Those strains in the oxidase-positive set were all nonoxidative and nonfermentative. Two of the 21 strains (Tables 5 and 6) grew well on TSI and nutrient agar within 24 hr and were placed with the M. polymorpha biochemical group as the subspecies oxidans (KC744 and KC765, Table 5 ). With one exception, KC748, the 19 remaining oxidase-positive strains failed to grow on nutrient agar in 24 hr; they also were nitrate variable ( Table 6 ) . Strain KC 748 was placed with the group found by the CBU t o be biochemically typical of the moraxellae and was designated M. bovis.
Only a few strains gave variable results in the 64 physiological tests carried out by the CBU.
In Table 7 , identical reactions within H. vaginicola and M. polymorpha are given. Herelleae were consistent in their oxidation patterns of 35 of 38 carbohydrate substrates (Table 7) .
Acid production from glucose occurred in all the bases-the ent eric, oxidative-fermentative (OF) SB-15, and solid medium (1 and 10% agar slants). N o acid was produced from the mannitol, sucrose, or maltose in the enteric base. All sugars were used in concentrations of 1% except that of the 10% glucose and lactose slants. The only neutral reactions occurred in the OF closed tubes. Other tests important in identifying H. vaginicola were those for nitrate reduction, oxidase, and motility, all of which were negative. Herellea gave variable reactions (Table 7) . They were basic on the 10% glucose and 10% lactose slants and in the 1% glucose OF medium (open tube). The 18 strains were all negative in the enteric base with six sugars: glucose, lactose, maltose, sucrose, D-xylose, and mannitol. They were negative, as were the herelleae, in the oxidase, nitrate reduction, and motility tests. The important differences between Herellea and Mima are their oxidation of or their failure to oxidize, respectively, 10% glucose and 10% lactose on solid medium. The reactions of M. polymorpha were variable in 10 of the tests or substrates listed. As with the herelleae, only one strain failed t o produce acid from 3% ethanol.
The biochemical characteristics of the two strains of M. polymorpha subsp. oxidans were similar t o those of both the mimae and the other moraxellae (Table 8 ). The moraxellae (3 species, 19 strains) showed the greatest diversity of both intra-and interspecies reactions. They were variable on 11 of the substrates or tests listed. The tests which permit differentiation of the oxidase-positive species are presented in The species M. bovis and M. lacunata were the most fastidious; many strains did not grow on some of the test media unless serum was added. The ability of these two species to digest Loeffler's blood serum medium, liquefy gelatin, and peptonize milk was helpful in distinguishing these organisms.
Immunofluorescent and quellung reactions (ABU). Table 9 shows the distribution of the strains which were typable and nontypable with Herellea FA conjugates. We had identified all of these strains as belonging t o Herellea, Mirna, or Moraxella. Of the 21 Herellea strains, 12 were typable and 9 were not; 2 of 20 Mirna strains gave positive serotype reactions; no Moraxella or Mima polymorpha subsp. oxidans strains gave positive reactions with Herellea conjugates. The sources of these strains were diverse ( Table   2 1.
The FA-and quellung-typing reactions of the herelleae and mimae are summarized in Table  10 . WC and SC isolates were examined and gave identical reactions. Eleven of the 12 Herellea strains were both FA-and quellung-positive. One strain, KC722, was positive by both FA and quellung reactions with three serotype antibody reagents-1 F, 3F, and 4F. Another strain, KC774, was FA-and quellung-positive with 14 serotype reagents. This strain gave positive FA staining with 85 and 9J conjugates, but the quellung reactions with these antisera were negative. The extreme heteroantigenicity of KC774 may be due to roughness. KC729, -730, and -73 1 were originally from Ferguson and Roberts (Table 1 ) and are our type-specific strains for 8F, 2F, and 9F, respectively. Two Mima strains gave positive FA and quellung reactions, representing true crossreactions with Herellea types 1SJ and 1F. Two other Mima strains gave positive FA reactions h 0 with three serotype conjugates, 205 and 325 in one case and 15 J in the other, but gave negative quellung results with the corresponding antisera.
DISCUSS ION
Biochemical activity. The ABU has determined the efficacy of the seven-test schema for separating herelleae from other organisms in a study involving a total of 133 strains, including 55 strains from the CBU and Grady Hospital, 53 of the strains reported in this present paper, and 25 strains of genera and species which are difficult to differentiate from Herellea (57) . Forty-nine of these strains were correctly identified as herelleae, and only 4 of the 84 nonherelleae gave false-positive reactions. It is significant that the four false-positive strains belong to species infrequently encountered in the clinical laboratory. In the present study, 21 strains were identified as belonging t o Herellea. The other strains were divided into two sets based on a positive or negative oxidase reaction. Eighteen strains which were oxidase-negative and did not oxidize carbohydrates were identified as Mima polymorpha. Eighteen of 21 oxidase-positive strains failed to grow on nutrient agar in 24 hr and were nitrate variable. Two of the three remaining strains were identified as Mima polymorpha subsp. oxidans and the third as Moraxella bovis. Based on these results, we feel that the seven-test schema is quite reliable for the routine identification of H. vaginicola.
The tests used by the CBU have been employed during the past 18 years t o study both the cellular morphology and biochemical characteristics of more than 870 strains of H. vaginicola and more than 400 strains of Mima polymorpha. Approximately 9.4% of the Herellea and 11.4% of the Mima polymorpha strains were beta hemolytic. Beta-hemolytic strains were also usually proteolytic and grew on SS agar. The remaining 90.6% Herellea and 88.6% Mima polymorpha strains digested blood and did not exhibit sharp beta hemolysis. Most of these did not grow on SS agar and were nonproteolytic. All of the biochemical variations which we have observed among both the H. vaginicola and Mima polymorpha strains are considered minor.
During the past 20 years, investigators in the CBU have examined 109 strains which they have identified as Mima pozymorpha subsp. oxidans. Using the knowledge available during that period, they based their identifications on characteristics such as a strong oxidase reaction, inertness in carbohydrates, a positive catalase reaction, nonmotility, failure t o reduce nitrate, and possession of coccoid and diplococcoid cellular morphology. In more recent years, Henriksen ( 3 2 ) proposed that Mima polymorpha subsp. oxidans be considered a nitratenegative variant of Moraxella nonliquefaciens, but his later work with Bovre resulted in a revised description of Moraxella nonliquefaciens and the establishment of a new species, Moraxella osloensis (10) . The CBU has encountered a minimum number of strains similar t o those of M. osloensis except for their characteristic alkalinization of Simmons' citrate Table 7 , footnote a .
Abbreviations: ND, not done; liq, liquefaction; NG, no growth; B, base; N, neutral. See Table 7 . One strain-A on 3% ethanol.
agar and negative nitrate test. Their taxonomic status has not been clarified. M. osloensis produces variable nitrate reactions and will grow on Simmons' citrate agar but does not produce an alkaline reaction. The distinguishing characteristics of strains of Moraxella nonliquefaciens are that they (i) reduce nitrate without exception, although a drop of serum added to the nitrate broth may be necessary to insure growth, (ii) cannot grow in OF medium, and (iii) do not liquefy gelatin or Loeffler's medium. Since only two M. polymorpha subsp. oxidans strains in the study set were examined, no valid conclusion can be made by comparing them with the other oxidase-positive organisms (Tables 6 and 8). As discussed later, however, M. polymorpha subsp. oxidans must be excluded from Acinetobacter on the basis of transformation and DNA-homology data. Henriksen has indicated that Moraxella liquefaciens and M. Zacunata are so similar biochemically that they are indistinguishable (33). We concur in this and also accept Henriksen's view that the two species should be united in the single species, M. Zacunata. The description of M. lacunata given in the sixth and seventh editions of Bergey's Manual is incorrect since it is not based on that given in the original (1 1, 12) . None of the strains of the study set (Table 6 ) nor any strains designated M. lacunata at tacked any carbohydrates, even though different basal media were used and, at times, serum was added as a supplement to obtain growth. All of the study strains whch we designated M. lacunata were proteolytic and digested Loeffler's blood serum. Many strains liquefied nutrient gelatin and peptonized milk only if serum was added t o insure growth. Many of these strains also required COz with an increased humidity for adequate growth. M. lacunata, with the exception of one strain, reduced nitrates. Of the 24 strains of M. lacunata studied by the CBU over the past several years, KC758 is the only strain that has given a negative nitrate test.
The distinguishing characteristics for MoraxeEZa bovis are beta hemolysis, proteolysis, and failure to grow in infusion peptone broth without added serum.
Immunofluorescent staining. A study by the ABU, conducted over a 5-year period, established the basis for the identification of strains were typable by FA and quellung tests and included these taxa: two Achromobacter sp., one Bacterium anitratum, three Herellea vaginicola, two Acinetobacter sp., and one Cytophaga anitrata. The serotypes of these strains are given in Table 10 . Phenotypic characterization has not, however, generally produced an acceptable taxonomic classification of these bacteria. In fact, Baumann et al. (4), after having numerically analyzed 1 06 strains of oxidase-negative moraxellae ( A cinetobacter) for 56 characteristics each, state that "no constellation of universally positive or negative characters could be selected to differentiate the major or minor clusters." Their two major clusters roughly corresponded to Herellea (A) and Mima (B). However, some cultures having the characteristics of Herellea as we have described them were grouped phenotypically with the mimae in the group B phenon. These strains are ATCC 17905, 179 12 (Herellea serotype 2 1 J), and 17906. Baumann and his co-authors allocated Herellea to phenotypic group A, which contained some strains which we call Mima polymorpha. The Herellealike strains in group A which were studied by Baumann et Table  10 . Furthermore, Baumann et al. found that the formation of A and B groups after numerical analysis was largely predetermined by the nutritional versatility of the cultures studied, i.e., cultures with many positive traits were more likely to be associated with other cultures having many positive traits and, conversely, for negative associations.
Thus, the major advantage of numerical taxonomy -au t omatic data processing-may be negated retrospectively by the choice of inappropriate characteristics or by the inclusion of inappropriate organisms in the test panel. An illustration of this problem is provided in the work of Pinter and De Ley (54) who found that selection of a new set of properties for the test organisms included in their numerical analysis produced results which correlated closely with groupings dictated by analysis of deoxyribonucleic base (DNA) base composition.
Baumann et al. also state, "Our phenotype analysis is not sufficiently comprehensive t o define all of the genotypically distinct species or varieties of the oxidase negative moraxellas or to clearly distinguish them from one another." We also subscribe t o this view.
Although no system for genetic transfer within the Mima-Herellea group was known at the time Baumann et al. (4) published their paper, they recognized that a mechanism for studying cellular genetic relationships was essential for meaningful taxonomy. These authors referred to the studies of Johnson on DNA-DNA homology and DNA base composition among the oxidasanegative moraxellae. These studies were published later by Johnson, Anderson, and Ordal (36) and involved 21 cultures analyzed by Baumann et al. and 31 additional strains of oxidase-positive and -negative organisms. DNA base composition of the cultures studied ranged from 40 t o 46% guanine plus cytosine (G + C), but the information was helpful only in a minor way. Johnson and his associates found that the five groups which they established by DNA homology agreed rather closely with those of Baumann et al., which were based on phenotypic analysis. They reported that all of the oxidase-negative bacteria they examined showed significant DNA homology, although the cultures were carried under a variety of names. No DNA homology was detected between the Mima-Herellea group and the oxidase-positive moraxellae. Johnson et al. (36) Although the DNA base composition matched that of some neissierae and moraxellae examined, transformation compatibility was negligible. They concluded that the analysis of "G + C content of bacterial DNA provides useful supplementary taxonomic data, but has only limited value as a sole taxonomic criterion." Another approach to the determination of genetic relationships is that of transformation by means of DNA. Catlin (19) demonstrated the relationship between Neisseria catarrhalis and Moraxella nonliquefaciens by studies of reciprocal genetic transformation. Catlin and Cunningham (1 8) devised and employed methods for testing relatedness of oxidase-positive and oxidase-negative bacteria by this means. As a genetic marker, they used the transformation of quantitative streptomycin resistance from donor to recipient. Biivre (6-8) used both streptomycin resistance and hemolysis as markers of genetic transfer. He was unable t o detect significant relationships between oxidase-positive rods (moraxellae) and A chromobacter (Mima and Herellea) when streptomycin resistance transformation experiments were performed.
Recently Juni and Janik (37) described a simple and highly efficient system for demonstrating genetic recombination through DNA transformation of A cinetobacter calcoaceticus (BD4). Suitable recipient mutants of this strain were transformed for ability to synthesize capsules, t o dispense with a growth-factor requirement, and to acquire resistance t o streptomycin. Juni has allowed us t o examine this strain, and we find it t o be identical to our HereZEea strains. Serologically, by FA staining and by the quellung reaction, it was type 3F.
Recently Juni (personal communication) used the transformation system described by Juni and Janik ( 3 7 ) t o study the oxidase-negative acinktobacters (Mima-HereZlea) and the moraxellae. Among 250 strains examined, he found that all oxidase-positive cultures were unable t o donate genetic markers to an oxidasenegative recipient. Conversely, the recipient was transformed by all oxidase-negative cultures.
Apparently Cowan (64) , and Pinter and Bende (53) also would agree in separating all oxidase-negative organisms from the moraxellae and placing them in a separate genus such as Acinetobacter. For practical diagnostic purposes, it is important t o separate mimae (oxidase-negative) from herelleae. The latter occur much more frequently in association with disease (57) . Although the 0 antigens of the two groups cross-react frequently in agglutination tests, the capsular antigens of the herelleae are quite distinct from those of the mimae as determined by FA staining or by quellung tests (47) . The evidence for a close genetic relationship between oxidase-negative mimae and herelleae and for the absence of relationship to the oxidase-producing moraxellae is convincing. The mimae (oxidase-negative) and herelleae can, however, be identified reliably by the relatively simple seven-test schema described and evaluated earlier (57) . From the diagnostic viewpoint, the application of this schema yields results comparable to those obtained by screening with 64 biochemical tests (Tables 3, 7, 8) . If the only criterion for selection of cultures is that they be gram-negative rods or coccobacilli, the frequency of misidentification should not exceed 5% by the seven-test schema. Accuracy may be improved by further study and the selection of more appropriate tests. The use of uniform test media is imperative, however, for accurate identification and for obtaining comparable results among laboratories.
Pinter and Bende (53) emphasized the influence of methods of coding and computing on the results of an Adansonian analysis of gram-negative, nonfermenting bacteria. They state that "further progress requires not so much the application of new methods of computing, as the further extension and improvement of bacteriological methods." We submit that using genetic systems t o analyze complex bacterial interrelationships may prove t o be the most significant aspect of "improved bacteriological methods." The primary delineation of bacterial groups by genetic criteria followed by development of correlated and simplified phenotypic characterization for practical identification constitutes an orderly and logical approach to taxonomy. The genetic tools are now available or can be developed. They should be used. We leave the details and legalities of nomenclature t o others.
